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Purpose/Objective: In the framework of the EMRP-funded 
project 'Metrology for radiotherapy using complex radiation 
fields' (MetrExtRT), ENEA-INMRI has developed a new graphite 
calorimeter which, positioned in a water-phantom, allows the 
realization of absorbed-dose-to-water unit (Dw) for medium-
energy x-ray beams.  
Materials and Methods: According to a nested design, the 
innermost graphite body, the disc-shaped core of 21 mm 
diameter, 2 mm thickness, and weighing 1.14 grams, is 
surrounded by a 0.5 mm-thick vacuum gap and then by a 
second graphite body, the jacket, having the same heat 
capacity as the core. The jacket is surrounded by an 
additional 0.5 mm-thick vacuum gap and then by a third 
graphite body (the shield) which acts as a thermal buffer to 
improve the core thermal insulation. 
Results: Repeated measurements of absorbed dose to water 
in filtered x-rays qualities put a preliminary estimate of the 
combined standard uncertainty to a value of 1.8% (k=1). 
Conclusions: The ENEA-INMRI calorimeter is the first Dw 
standard built for measurements in medium energy x-rays 
based on graphite calorimetry, and is therefore expected to 
improve the robustness of the existing Dw primary standards 
system. The calorimeter is participating in an EURAMET 
absorbed dose to water indirect comparison and, upon 
successful completion, it will become the Italian national 
standard for absorbed dose to water in medium-energy x-ray 
beams.  
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Purpose/Objective: Due to the increasing complexity of IMRT 
treatment plans, differentiated quality assurance tools are 
required to relate the quality of an IMRT plan to 
measurement parameters achieved in the plan specific QA. 
Different commercial solutions are available that have to find 
a compromise between efficiency and accuracy. The aim of 
our work was to develop an IMRT quality assurance tool for 
patient specific plan QA based on EPID dosimetry and to 
compare it with commercial solutions regarding efficiency 
and accuracy. 
Materials and Methods: The measurements were performed 
using Elekta Synergy Linacs with 6 MV, 10 MV and 18 MV 
photons with an Agility MLC. The Elekta Synergy includes the 
iViewGTTM as the standard aSi-EPID with 1024 x 1024 pixels of 
size 0.4 x 0.4 mm2. This leads to a corresponding pixel size of 
0.25 x 0.25 mm2 in the plane of the isocenter. Pinnacle 9.6 
was used for the calculation of the treatment plans and the 
planar dose distributions. The processing of the EPID 
measurements was done using in-house developed software 
based on MATLAB (MathWorks Inc.). This includes the 
calibration of the EPID grey scale values to dose by applying 
the quotient of the output in water to the EPID signal for 
quadratic homogeneous fields. The evaluation and the 
comparison were done with Verisoft 6.0 using a gamma 
analysis. To compare the plan quality regarding the field 
shape and absolute dose values of each field, reference 
measurements were done using an ionization chamber array, 
the OCTAVIUS Detector 729 by PTW. 
Plan specific QA following our standard QA protocol was done 
separately with ArcCheck® and with OCTAVIUS® 4D phantoms. 
Results: The dose distributions both calculated by the 
planning system and measured with the ionization chamber 
array show good agreement with the result of our EPID QA 
tool. Comparing the calculated dose distribution to the EPID 
measurements shows differentiated results even with the 
stricter 2%/2mm Gamma evaluation due to the high 
resolution of the EPID. In contrast, although being suitable to 
measure exact dose information the lower resolution of the 
ionization chamber array prevents comparable precise 
Gamma analysis. This restricts the evaluation using the 
OCTAVIUS® 4D to a Gamma analysis of 3%/3mm accordingly. 
The outcome of the QA analysis of step-and-shoot IMRT 
evaluated with the commercial QA tools, OCTAVIUS® 4D and 
also with ArcCheck®, was in accordance with the results of 
our EPID QA tool.  
Conclusions: Our EPID dosimetry tool can be used for 
efficient IMRT plan QA and shows good agreement with the 
reference values and the commercial system. Due to the high 
resolution of the EPID measurement system, the higher 
informative value of the Gamma 2%/2mm value provides a 
benefit especially for the analysis of highly modulated IMRT 
plans.  
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Purpose/Objective: Stereotactic radiotherapy requires 
suitable detectors to determine the delivered dose with high 
accuracy. Aim of this study was to determine the 
potentialities of an unshielded silicon diode prototype for 
dose measurements in radiation therapy small photon beams 
under flattening filter free (FFF) beams. 
Materials and Methods: A prototype of a new designed 
stereotactic diode from IBA, named Razor, was evaluated in 
comparison with previously available SFD diode and the PFD 
detectors from IBA It is made with a n-type implant in p-type 
silicon. Active area has 0.6mm diameter and the active depth 
is about 20µm. The stability of the detector response in 
terms of dose, dose rate, and dose per pulse were evaluated. 
Dark current as function of received dose was also evaluated. 
Different square field sizes ranging from 0.8 to 5 cm were 
evaluated by means of percentage depth dose curves (PDDs), 
axial beam profiles, and output factors. 
Results: 
 
Razor’s short term stability showed a variation below ±0.1% 
for a 1.2 kGy single-session delivery, much better than the 
old SFD (Figure 1a). The Razor response showed a deviation 
from linearity of less than ±1% in the 0.05–30 Gy range and a 
dose rate dependence below ±0.5% in the 4–24 Gy/min range. 
The dose per pulse dependence, evaluated in the 0.08-0.21 
cGy/pulse range, resulted below±0.8%. The temperature 
dependence was investigated as well, though in a small range 
(20-30°C), and a 0.05%/°C variation was found. A higher 
increase of the dark current with increasing dose was 
observed too for the Razor with values of 0.0025pA/Gy 
against the 0.0002pA/Gy of the old SFD (Figure 1b). This can 
be addressed to an increasing concentration of the 
recombination centers due to radiation damage and can be 
practically solved by resetting the background before every 
acquisition.  
Conclusions: The new evaluated detector has interesting 
characteristics, especially in terms of spatial resolution, for 
small field measurements with improved stability (up to 1.2 
kGy) compared to the reference stereotactic diode. These 
features make the Razor detector a good candidate for small 
field dosimetry in advanced radiation therapy techniques.  
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Purpose/Objective: Due to the development and increased 
use of hadrontherapy, reference dosimetry of charged 
particle beam, and in particular the absorbed dose to water 
measurement using ionization chambers, has to be improved 
to decrease the uncertainty of the treatment and improve its 
consistency. Ion recombination is one of the corrections that 
need to be applied to an ionization chamber measurement 
that is potentially much larger in a carbon ion beam as 
compared to conventional photon or electron beams. This 
work aims at measuring the ion recombination correction (ks) 
for parallel-plate ionization chambers in a carbon ion beam 
from a slow cycle synchrotron.  
Materials and Methods: Measurements were performed for 
two IBA Roos chambers (PPC40) irradiated by a 10 cm 
diameter field at three dose rates, six polarizing voltages and 
two orientations of the chambers. Two different 
measurement positions and energies were used: the middle 
of the 6 cm spread-out Bragg peak (SOBP) in a 290 MeV/n 
energy-modulated carbon ion beam and the plateau of a 135 
MeV/n non-modulated carbon ion beam. To achieve a very 
good correlation between the ionization in the test chamber 
and that in the monitor, both chambers were placed face-to-
face in a PMMA phantom, one serving as the monitor 
chamber.  
Results: The ion recombination mechanism depends on the 
LET of the beam. Using high-LET beams, we observed a near 
linearity of the plot (1/Q) versus (1/V) confirming that the 
mechanism is dominated by initial recombination. 
Consequently, in this preliminary analysis, we neglected 
volume recombination. 
For the 290 MeV/n modulated carbon ion beam, ks was found 
to be 1.0098 with a standard uncertainty uC of 0.10% and 
1.0099 (uC = 0.15%) for the two chambers, respectively. For 
the 135 MeV/n non-modulated carbon ion beam, ks was found 
to be 1.0064 (uC = 0.13%) and 1.0054 (uC = 0.14%) for the two 
chambers, respectively. 
As expected by Jaffé’s theory the initial ion recombination 
depends on the angle between the ion path and the electric 
field. With an angle of 45 degrees, ks was found to decrease 
strongly. In this case, for the two chambers, we obtained 
1.0029 (uC = 0.17%) and 1.0011 (uC = 0.16%) for the 290 
MeV/n modulated beam and 1.0018 (uC = 0.16%) and 1.0023 
(uC = 0.16%) for the 135 MeV/n non-modulated beam.  
Conclusions: We have determined ion recombination 
correction factors for two parallel-plate ionization chambers 
in a carbon ion beam. Due to the high LET of the beams, the 
mechanism is dominated by initial recombination consistent 
with other findings in the literature. The values are, 
however, somewhat lower than other values reported in the 
literature which may warrant further investigations in beams 
with different pulse shapes. Significant differences in 
